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(57) A likelihood calculating section 205 calculates 
a likelihood of a data portion signal and outputs a weight- 
ing coefficient according to the likelihood to a multiplier 
206. The multiplier 206 multiplies a data channel esti- 
mation value output from a data channel estimating sec- 
tion 204 by the weighting coefficient output from the like- 



lihood calculating section 205, whereby weighting the 
data channel estimation value according to likelihood of 
the data portion signal. A combining section 207 com- 
bines a PL channel estimation value with the data chan- 
nel estimation value weighted according to the likeli- 
hood of data portion signal to obtain a final channel es- 
timation value. 
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Description 

Technical Field 

[0001 ] The present invention relates to a radio receiv- 
ing apparatus and a radio receiving method. 

Background Art 

[0002] In digital radio communications, channel esti- 
mation is performed to compensate for channel varia- 
tions of a received signal to be demodulated correctly. 
[0003] In order to improve the accuracy of channel es- 
timation, Japanese laid-open patent publication No.HEl 
11-355849 describes a method in which channel esti- 
mation is performed using not only a known signal of a 
pilot portion but also a temporary decision value of an 
unknown signal of a data portion. 
[0004] However, in the above-mentioned convention- 
al radio receiving method, in spite of the purpose of im- 
proving accuracy of the channel estimation, if an error 
occurs in the temporary decision value of data portion 
signal due to an influence of fading etc. ; there is a prob- 
lem in which accuracy of the channel estimation is de- 
teriorated conversely. 

Disclosure of Invention 

[0005] An object of the present invention is to provide 
a radio receiving apparatus and a radio receiving meth- 
od for preventing the accuracy of channel estimation 
from being deteriorated and to perform channel estima- 
tion with high accuracy when channel estimation is per- 
formed using an unknown signal of data portion. 
[0006] The inventors of this invention paid attention 
to reliability of a temporary decision value and found out 
that an error occurred in the temporary decision value 
when reliability of the temporary decision value is rela- 
tively low, and therefore, they proposed the present in- 
vention. 

[0007] Here, in order to achieve the above object, the 
present invention prevents accuracy of channel estima- 
tion from being deteriorated and performs channel esti- 
mation with high accuracy when channel estimation is 
performed using an unknown signal of data portion by 
appropriately controlling the channel estimation value 
based on reliability of the temporary decision value. 

Brief Description of Drawings 

[0008] 

FIG. 1 is a block diagram showing a schematic con- 
figuration of a principal part of the radio receiving 
apparatus according to Embodiment 1 of the 
present invention; 

FIG. 2 is a block diagram showing a schematic con- 
figuration of a principal part of channel estimating 
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section of the radio receiving apparatus according 
to Embodiment 1 of the present invention; 
FIG. 3 is an exemplary graph illustrating a calcula- 
tion of likelihood to be carried out by a likelihood 
calculating section of the radio receiving apparatus 
according to Embodiment 1 of the present invention 
in the case where a communication partner uses 
QPSK modulation; 

FIG. 4 is an exemplary graph illustrating a calcula- 
tion of likelihood to be carried out by the likelihood 
calculating section of the radio receiving apparatus 
according to Embodiment 1 of the present invention 
in the case where a communication partner uses 
BPSK modulation; 

FIG. 5 is a block diagram showing a schematic con- 
figuration of a principal part of channel estimating 
section of the radio receiving apparatus according 
to Embodiment 2 of the present invention; 
FIG. 6 is an exemplary graph illustrating a decision 
of likelihood to be carried out by a likelihood decid- 
ing section of the radio receiving apparatus accord- 
ing to Embodiment 2 of the present invention in the 
case where a communication partner uses QPSK 
modulation; 

FIG. 7 is an exemplary graph illustrating a decision 
of likelihood is to be carried out by the likelihood de- 
ciding section of the radio receiving apparatus ac- 
cording to Embodiment 1 of the present invention 
in the case where a communication partner uses 
BPSK modulation; and 

FIG. 8 is a block diagram showing a schematic con- 
figuration of a principal part of channel estimating 
section of the radio receiving apparatus according 
to Embodiment 3 of the present invention. 

Best Mode for Carrying Out the Invention 

[0009] With reference now to the attached drawings, 
hereafter, embodiments of the present invention will be 
specifically explained. In the explanation given below, it 
is assumed that channel variation includes phase rota- 
tion and amplitude variation. In addition, it is assumed 
that channel estimation includes estimation of phase ro- 
tation and that of amplitude variation, and that a channel 
estimation value includes an amount of phase rotation 
and an amount of amplitude variation. 

(Embodiment 1) 

[0010] In radio receiving apparatus and radio receiv- 
ing method according to this embodiment, a channel es- 
timation value obtained from a signal of data portion is 
weighted in accordance with the level of reliability (i.e., 
likelihood) of the signal of data portion. 
[0011] FIG. 1 is a block diagram showing a schematic 
configuration of the principal part of radio receiving ap- 
paratus according to Embodiment 1 of the present in- 
vention. In the radio receiving apparatus shown in FIG. 
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1 , a radio receiving section 102 provides predetermined 
radio processing such as down convert, A/D conversion, 
etc., to signals received through an antenna 101 and 
outputs the resultant to both PL (pilot) receiving section 
103 and data receiving section 104. 
[0012] The PL receiving section 103 performs de- 
spread processing by multiplying the received signals 
by a spreading code that spreads a known signal of a 
pilot portion of the received signal (hereinafter referred 
to as "pilot portion signal"), whereby extracting the pilot 
portion signal from the received signals and outputs the 
resultant to a channel estimating section 1 05. 
[0013] The channel estimating section 105 outputs a 
channel estimation value, which has been weighted in 
accordance with the level of reliability (i.e., likelihood) of 
the data portion signal to a multiplier 106. It should be 
noted that the configuration of channel estimating sec- 
tion 1 05 would be described later. 
[0014] The multiplier 106 complex multiplies the data 
portion signal by the channel estimation value output 
from channel estimating section 1 05. Thus, the data por- 
tion signal is compensated for channel variation. A de- 
modulating section 107 provides predetermined de- 
modulation processing to the data portion signal sub- 
jected to compensation for channel variation. Therefore, 
a received data is obtained. 

[0015] Next, the configuration of channel estimating 
section 105 will be explained. FIG. 2 is a block diagram 
showing a schematic configuration of the principal part 
of the channel estimating section of the radio receiving 
apparatus according to Embodiment 1 of the present in- 
vention. In the channel estimating section 105 shown in 
FIG. 2, a PL (pilot) channel estimating section 201 per- 
forms channel estimation by comparing a known PL (pi- 
lot) pattern with a PL (pilot) portion signal output from 
the PL receiving signal 103 to calculate a channel esti- 
mation value. Then, the PL channel estimating section 

201 outputs the calculated channel estimation value to 
both multiplier 202 and combining section 207. In addi- 
tion, the channel estimation value calculated by the PL 
channel estimating section 201 using the pilot portion is 
hereinafter referred to as "PL channel estimation value." 
[0016] The multiplier 202 complex multiplies the data 
portion signal output from the data receiving section 1 04 
by the PL channel estimation value. Then, the multiplier 

202 outputs the data portion signal subjected to com- 
pensation for channel variation using the PL channel es- 
timation value to a temporary deciding section 203. 
[0017] The temporary deciding section 203 temporar- 
ily decides the data portion signal subjected to compen- 
sation for channel variation and outputs the temporary 
decision value to a data channel estimating section 204 
and a likelihood calculating section 205. 

[0018] The data channel estimating section 204 per- 
forms channel estimation by comparing the temporary 
decision value with the data portion signal output from 
the data receiving section 1 04 to calculate a channel es- 
timation value. Then, the data channel estimating sec- 



tion 204 outputs the calculated channel estimation value 
to a multiplier 206. In addition, the channel estimation 
value calculated by the channel estimating section 204 
using the data portion is hereinafter referred to as "data 
5 channel estimation value". 

[0019] The likelihood calculating section 205 calcu- 
lates likelihood of the temporary decision value of data 
portion signal and outputs a weighting coefficient ac- 
cording to the likelihood to the multiplier 206. The mul- 
10 tiplier 206 multiplies the data channel estimation value, 
output from the data channel estimating section 204 by 
the weighting coefficient output from the likelihood cal- 
culating section 205, whereby weighting the data chan- 
nel estimation value according to the likelihood of data 
15 portion signal. 

[0020] A combining section 207 combines the PL 
channel estimation value and the data channel estima- 
tion value weighted according to the likelihood of data 
portion signal to obtain a final channel estimation value 
and outputs the final channel estimation value to the 
multiplier 106. 

[0021] Next, an operational explanation of the radio 
receiving apparatus according to this embodiment will 
be given below. 

[0022] The PL channel estimating section 201 com- 
pares the known PL (pilot) pattern with the PL (pilot) por- 
tion signal output from the PL receiving section 103 to 
calculate a PL channel estimation value for each symbol 
and outputs the calculated PL channel estimation value 
to the multiplier 202. Moreover, the PL channel estima- 
tion value is also output to the combining section 207 to 
be combined together with the weighted data channel 
estimation value in a way to be described later by the 
combining section 207. 

[0023] The multiplier 202 complex multiplies the data 
portion signal output from the data receiving section 1 04 
by the PL channel estimation value and outputs the data 
portion signal subjected to compensation for channel 
variation by the PL channel estimation value to the tem- 
porary decision section 203 and likelihood calculating 
section 205. The temporary decision section 203 tem- 
porarily decides the data portion signal subjected to 
channel variation and outputs the temporary decision 
value to the data channel estimating section 204 and 
likelihood calculating section 205. In other words, pre- 
temporary decision of the data portion signal and post- 
temporary decision of the data portion signal are input 
to the likelihood calculating section 205. 
[0024] The likelihood calculating section 205 calcu- 
lates the likelihood of temporary decision value of data 
portion signal for each symbol from the signal points of 
pre-temporary decision and post-temporary decision. 
[0025] Next, an explanation of the calculation of like- 
lihood to be performed by the likelihood calculating sec- 
tion 205 will be given. 

[0026] Since the calculation of likelihood using the 
likelihood calculating section 205 depends on the mod- 
ulation technique that the communication partner uses, 
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the following will explain two different cases in which the 
communication partner uses QPSK modulation and 
BPSK modulation. 

[0027] First, the case in which the communication 
partner uses QPSK modulation will be explained with 
reference to FIG. 3. FIG. 3 is an exemplary graph illus- 
trating a calculation of likelihood to be carried out by a 
likelihood calculating section of the radio receiving ap- 
paratus according to Embodiment 1 of the present in- 
vention in the case where a communication partner uses 
QPSK modulation. In FIG. 3, a horizontal axis (I axis) 
represents an in -phase component of data portion sig- 
nal, and a vertical axis (Q axis) represents a quadrature 
phase component of data portion signal. 
[0028] As illustrated in FIG. 3, the lower the likelihood 
in QPSK case is the smaller the signal point allocated 
to the I component and Q component before temporarily 
deciding the data portion signal (namely, "signal point of 
pre-temporary decision in FIG. 3). In addition, the further 
the Euclidean distance calculated between the allocat- 
ed signal point of the signal after temporarily deciding 
the data portion signal (namely, "signal point of post- 
temporary decision in FIG. 3) and the allocated signal 
point of pre-temporary decision is the lower the likeli- 
hood. Calculation of likelihood is similarly performed in 
the second quadrant, the third quadrant, and the fourth 
quadrant. 

[0029] Next, an explanation of the case where the 
communication partner uses BPSK modulation will be 
given with reference to FIG. 4. FIG. 4 is an exemplary 
graph illustrating a calculation of likelihood to be carried 
out by the likelihood calculating section of the radio re- 
ceiving apparatus according to Embodiment 1 of the 
present invention in the case where a communication 
partner uses BPSK modulation. As illustrated in FIG. 4, 
the lower the likelihood using BPSK is the smaller the 
signal point allocated to the Q component of the pre- 
temporary decision. 

[0030] In this way, the likelihood calculating section 
205 calculates likelihood of the temporary decision val- 
ue for each symbol of the data portion signal. Then, the 
likelihood calculating section 205 calculates a weighting 
coefficient a according to the calculated likelihood for 
each symbol. This weighting coefficient a is a coefficient 
that becomes larger as the likelihood of temporary de- 
cision value of data portion signal becomes higher and 
becomes smaller as the likelihood of temporary decision 
value of data portion signal becomes lower. The calcu- 
lated weighting coefficient a is output to the multiplier 
206. 

[0031] The multiplier 206 multiplies the data channel 
estimation value of each symbol output from the data 
channel estimating section by weighting coefficient a of 
each symbol output from the likelihood calculating sec- 
tion 205. The higher the likelihood of data portion signal 
is the larger the data channel estimation value; and the 
lower the likelihood of data portion signal is the smaller 
the data channel estimation value. In other words, the 
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higher the reliability of data channel estimation value is 
the larger the value; and the lower the reliability of data 
channel estimation value is the smaller the value. 
[0032] The combining section 207 combines the data 
5 channel estimation value multiplied by weighting coeffi- 
cient a and the PL channel estimation value and obtains 
a final channel estimation value. 

[0033] In this way, according to the radio receiving ap- 
paratus and radio receiving method of this embodiment, 

io the channel estimation value obtained from the signal 
of data portion is weighted based on the level of relia- 
bility (i.e., likelihood) of the signal of data portion. There- 
fore, the higher the reliability of data portion signal is the 
larger the data channel estimation value; and the lower 

is the reliability of data portion signal isthesmallerthedata 
channel estimation value. Accordingly, it is possible to 
reduce the degree of influence, which the channel esti- 
mation value with low reliability exerts upon the result of 
channel estimation, and this makes it possible to pre- 

20 vent accuracy of the channel estimation from being de- 
teriorated when the channel estimation is performed us- 
ing the unknown signal of data portion. 

(Embodiment 2) 

25 

[0034] In the radio receiving apparatus and radio re- 
ceiving method of this embodiment, likelihood of the sig- 
nal of data portion is compared with a predetermined 
threshold value to decide the level of likelihood. Then, 
30 a symbol with low likelihood is decided as one having 
low reliability, and channel estimation is performed with- 
out using a channel estimation value obtained from the 
symbol having low reliability. 

[0035] The schematic configuration of radio receiving 
35 apparatus of this embodiment is the same as that of FIG . 
1 , and only the internal configuration of channel estimat- 
ing section is different from that of FIG. 1, so that the 
explanation of the configuration of radio receiving appa- 
ratus is herein omitted and only the channel estimating 
40 section is explained. 

[0036] FIG. 5 is a block diagram showing a schematic 
configuration of the principal part of the channel estimat- 
ing section of the radio receiving apparatus according 
to Embodiment 2 of the present invention. As shown in 
45 the figure, the channel estimating section 1 05 of the ra- 
dio receiving apparatus of this embodiment comprises 
a likelihood deciding section 501 , a switch controlling 
section 502, and a SW (switch) 503 instead of the like- 
lihood calculating section 205 and multiplier 206 shown 
50 in FIG. 2. In addition, the same reference numerals as 
those of FIG. 2 are assigned to the sections common to 
those of FIG. 2, and specific explanation thereof is omit- 
ted. 

[0037] The likelihood deciding section 501 compares 
55 likelihood of the data portion signal with a predetermined 
threshold value of likelihood to decide the level of like- 
lihood of temporary decision value and outputs a signal 
indicating the decision result to the switch controlling 
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section 502. 

[0038] The switching controlling section 502 performs 
connection/disconnection control of SW 503 in accord- 
ance with the decision result. More specifically, when 
the likelihood of temporary decision value of data portion 5 
signal is high, the switching controlling section 502 es- 
tablishes a connection between the data channel esti- 
mating section 204 and combining section 207, there- 
fore, outputs a data channel estimation value to the 
combining section 207. While, when the likelihood of 10 
temporary decision value of data portion signal is low, 
the switching controlling section 502 disconnects the 
data channel estimating section 204 and combining sec- 
tion 207, therefore, does not output a data channel es- 
timation value to the combining section 207. 15 
[0039] Next, an operational explanation of the radio 
receiving apparatus of this embodiment will be given. 
[0040] The likelihood deciding section 501 calculates 
likelihood of the temporary decision value of data portion 
signal from the signal points of pre-temporary decision 20 
and post-temporary decision of data portion signal for 
each symbol, and compares the calculated likelihood 
with the predetermined threshold, whereby deciding the 
level of likelihood of the temporary decision value of data 
portion signal. 25 
[0041] Here, an explanation of the decision of likeli- 
hood to be carried out by the likelihood deciding section 
501 will be given. 

[0042] Since the decision of likelihood using the like- 
lihood deciding section 501 depends on the modulation 30 
system that the communication partner uses, the follow- 
ing will explain two cases in which the communication 
partner uses QPSK modulation and BPSK modulation. 
[0043] First, the case in which the communication 
partner uses QPSK modulation will be explained with 35 
reference to FIG. 6. FIG. 6 is an exemplary graph illus- 
trating a decision of likelihood to be carried out by a like- 
lihood deciding section of the radio receiving apparatus 
according to Embodiment 2 of the present invention in 
the case where a communication partner uses QPSK 40 
modulation. In FIG. 6, a horizontal axis (I axis) repre- 
sents an in-phase component of data portion signal, and 
a vertical axis (Q axis) represents a quadrature phase 
component of data portion signal. 

[0044] A diagonally shaded area a shown in FIG. 6 is 45 
an area that is decided as a low likelihood area. The 
smaller the signal point of pre-temporary decision allo- 
cated to I component and Q component in QPSK case 
is the lower the likelihood. In addition, the further the 
Euclidean distance between the signal point of post- 50 
temporary decision and signal point of pre- temporary 
decision is the lower the likelihood. Moreover, the diag- 
onally shaded area is bounded by a boundary line A il- 
lustrated in FIG. 6. When the communication partner us- 
es QPSK modulation, the boundary line A corresponds 55 
to the threshold value set by the likelihood deciding sec- 
tion 501 . Additionally, in second to fourth quadrants, the 
same diagonally shaded area as that of the first quad- 



rant is set, and decision of likelihood is provided thereto 
similar to the first quadrant. 

[0045] Then, the likelihood deciding section 501 de- 
cides whether the signal point of pre-temporary decision 
belongs to the diagonally shaded area a to take a deci- 
sion on the level of likelihood of the temporary decision 
value of data portion signal. That is to say, when the sig- 
nal point of pre-temporary decision does not belong to 
the diagonally shaded area a,the likelihood deciding 
section 501 decides that the likelihood of temporary de- 
cision value of data portion signal is high and outputs a 
decision signal to the switch controlling section 502. 
While, when the signal point of pre-temporary decision 
belongs to the diagonally shaded area a, the likelihood 
deciding section 501 decides that the likelihood of tem- 
porary decision value of data portion signal is low and 
outputs a decision signal to the switch controlling sec- 
tion 502. 

[0046] Next, the case in which the communication 
partner uses BPSK modulation will be explained with 
reference to FIG. 7. FIG. 7 is an exemplary graph illus- 
trating a decision of likelihood is to be carried out by the 
likelihood deciding section of the radio receiving appa- 
ratus according to Embodiment 1 of the present inven- 
tion in the case where a communication partner uses 
BPSK modulation. 

[0047] The smaller the signal point of pre-temporary 
decision allocated to Q component in BPSK case is the 
lower the likelihood. Accordingly, an area with a small 
absolute value of Q component is set as a diagonally 
shaded area a bounded by a boundary line B. When the 
communication partner uses BPSK modulation, the 
boundary line B corresponds to the threshold value set 
by the likelihood deciding section 501 . 
[0048] Similar to the case in which the communication 
partner uses QPSK modulation, the likelihood deciding 
section 501 decides the level of likelihood of temporary 
decision value of the data portion signal and outputs a 
decision result indicating decision signal to the switch 
controlling section 502. 

[0049] The switch controlling section 502 performs 
connection/disconnection control of SW 503 according 
to the decision signal output from the likelihood decision 
section 501 . That is to say, when the likelihood of tem- 
porary decision value of data portion signal is high, the 
connection between data channel estimating section 
204 and combining section 207 is established by SW 
503. While, when the likelihood of temporary decision 
value of data portion signal is low, data channel estimat- 
ing section 204 and combining section 207 are discon- 
nected by SW 503. By such operations of the likelihood 
deciding section 501 , switch controlling section 502 and 
SW 503, only data channel estimation value with high 
reliability obtained from high reliability data portion sig- 
nal is selected among the data channel estimation val- 
ues calculated on a symbol-by-symbol basis, and the 
resultant is output to the combining section 207. In other 
words, among the data channel estimation values cal- 
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culated on a symbol-by-symbol basis, the data channel 
estimation values with low reliability are thinned out. 
[0050] Accordingly, in the combining section 207, the 
data channel estimation values with low reliability are 
not considered in calculating the final channel estima- 
tion value that is used for compensating the channel var- 
iation in received data, and only data channel estimation 
value with high reliability is combined together with the 
PL channel estimation value so as to obtain a final chan- 
nel estimation value. This makes it possible to prevent 
accuracy of the channel estimation from being deterio- 
rated. 

[0051] Therefore, in the radio receiving apparatus and 
radio receiving method according to this embodiment, 
the likelihood of data portion signal is compared with the 
predetermined threshold value to decide the level of 
likelihood, the symbol with low likelihood is decided as 
the value with low reliability. Then, the channel estima- 
tion is carried out without using the channel estimation 
value obtained from the symbol with low reliability, mak- 
ing it possible to prevent accuracy of the channel esti- 
mation from being deteriorated when the channel esti- 
mation is performed using the unknown signal of data 
portion. 

(Embodiment 3) 

[0052] In the radio receiving apparatus and radio re- 
ceiving method according to this embodiment, a value, 
which is not yet subjected to error correction, is com- 
pared with a value subjected to error correction, and a 
symbol having a different value is decided as a symbol 
with low reliability. Then, channel estimation is per- 
formed without using the channel estimation value ob- 
tained from the symbol with low reliability. 
[0053] The schematic configuration of radio receiving 
apparatus of this embodiment is the same as that of FIG. 
1 , and only the internal configuration of channel estimat- 
ing section is different from that of FIG. 1, so that the 
explanation of the configuration of radio receiving appa- 
ratus is herein omitted and only the channel estimating 
section is explained. 

[0054] FIG. 8 is a block diagram showing a schematic 
diagram of the principal part of the channel estimating 
section of the radio receiving apparatus according to 
Embodiment 3. As shown in the figure, the channel es- 
timating section 105 of the radio receiving apparatus of 
this embodiment comprises an error correcting section 
801, comparing section 802, switch controlling section 
803, and SW (switch) 804 instead of the likelihood de- 
ciding section 501, switch controlling section 502 and 
SW 503 shown in FIG. 5. Additionally, in FIG. 8, the 
same reference numerals as those of FIG. 5 are as- 
signed to the sections common to those of FIG. 5, and 
specific explanation thereof is omitted. 
[0055] In the channel estimating section 105 shown 
in FIG. 8, an error correcting section 801 provides pre- 
determined error correction processing such as deinter- 
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leaving, Viterbi decoding, etc., to the data portion signal 
subjected to compensation for channel variation and 
outputs error-corrected data to a comparing section 
802. in addition, error correction processing that is per- 
5 formed by the error correcting section 801 is not limited 
to deinterleaving, Viterbi decoding, etc., and the error 
correcting section 801 performs error correction 
processing corresponding to a coding method provided 
to the data portion signal on the transmitting side. 

10 [0056] The comparing section 802 compares the er- 
ror-corrected data output from the error correcting sec- 
tion 801 with the temporary decision value for each sym- 
bol and outputs a signal indicating a comparison result 
to the switch controlling section 803. In other words, the 

15 comparing section 802 outputs a signal which indicates 
whether error-corrected data matches the temporary 
decision value to the switch controlling section 803. 
[0057] The switch controlling section 803 performs 
connection/disconnection control of SW 804 according 

20 to the comparison result. More specifically, when the 
value of error-corrected data matches the temporary de- 
cision value, the switch controlling section 803 connects 
the data channel estimating section 204 to the combin- 
ing section 207 by SW 804 and outputs the data channel 

25 estimation value to the combining section 207. While, 
when the value of error-corrected data does not match 
the temporary decision value, the switch controlling sec- 
tion 803 disconnects the data channel estimating sec- 
tion 204 and the combining section 207 by SW 804 and 

30 does not output data channel estimation value to the 
combining section 207. 

[0058] The combining section 207 combines the PL 
channel estimation value together with the data channel 
estimation value to obtain a final channel estimation val- 
35 ue and outputs the final channel estimation value to the 
multiplier 106. 

[0059] Next, an operational explanation of the radio 
receiving apparatus according to this embodiment will 
be given. 

40 [0060] The symbol that is not yet subjected to error 
correction in which the value matches the value subject- 
ed to error correction is a symbol whose value is un- 
changed by the error correction, so that, the symbol 
which is not yet subjected to error conection can be con- 

45 sidered as a symbol that originally has high reliability. 
Accordingly, it can be said that the data channel estima- 
tion value calculated from the symbol with high reliability 
also has high reliability. While, the symbol that is not yet 
subjected to error correction in which the value does not 

50 match the value subjected to error correction is a symbol 
whose value is changed by the error correction, so that, 
the symbol which is not yet subjected to error correction 
can be considered as a symbol that originally has low 
reliability. Accordingly, it can be said that the data chan- 

55 nel estimation value calculated from the symbol with low 
reliability also has low reliability. In this way, by compar- 
ing the value which is not yet subjected to error correc- 
tion with the value which is subjected to error correction, 
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it is possible to decide the level of reliability (level of like- 
lihood) of data portion signal for each symbol. 
[0061] Here, the comparing section 802 compares the 
value of error-corrected data output from the error cor- 
recting section 801 with the temporary decision value 
output from the temporary deciding section 203 for each 
symbol, and outputs a signal to the switch controlling 
section 803 to indicate whether the value of error-cor- 
rected data matches the temporary decision value. 
[0062] The switch controlling section 803 performs 
connection/disconnection control of SW 804 according 
to the signal output from the comparing section 802. 
That is to say, when the value of error-corrected data 
matches the temporary decision value, the switch con- 
trolling section 803 connects the data channel estimat- 
ing section 204 to the combining section 207 by SW 804. 
While, when the value of error-corrected data does not 
match the temporary decision value, the switch control- 
ling section 803 disconnects the data channel estimat- 
ing section 204 and the combining section 207 by SW 
804. Similar to Embodiment 2, by such operations of the 
comparing section 802, switch controlling section 803 
and SW 804, only data channel estimation value with 
high reliability obtained from the data portion signal with 
high reliability is selected among the data channel esti- 
mation values calculated on a symbol-by-symbol basis. 
In other words, among the data channel estimation val- 
ues calculated on a symbol-by-symbol basis, the data 
channel estimation values with low reliability are thinned 
out. 

[0063] Accordingly, similar to Embodiment 2, in the 
combining section 207, the data channel estimation val- 
ues with low reliability are not used to calculate the final 
channel estimation value for compensating the channel 
variation in received data. Then, only data channel es- 
timation value with high reliability is combined together 
with the PL channel estimation value so as to obtain a 
final channel estimation value. This makes it possible to 
prevent accuracy of the channel estimation from being 
deteriorated. 

[0064] Thus, in the radio receiving apparatus and ra- 
dio receiving method according to this embodiment, the 
value which is not yet subjected to error correction is 
compared with the value which is subjected to error cor- 
rection. Then, the symbol in which these values are dif- 
ferent is decided as a symbol with low reliability, and the 
channel estimation is performed without using the chan- 
nel estimation value obtained from the symbol with low 
reliability. This makes it possible to prevent accuracy of 
the channel estimation from being deteriorated when 
the channel estimation is performed using the unknown 
signal of data portion. 

[0065] As explained above, according to the present 
invention, when the channel estimation is performed us- 
ing the unknown signal of data portion, accuracy of the 
channel estimation can be prevented from being dete- 
riorated, so that channel estimation with high accuracy 
can be performed. 



[0066] This application is based on the Japanese Pat- 
ent Application No. 2000-2251 61 filed on July 26, 2000, 
entire content of which is expressly incorporated by ref- 
erence herein. 

5 

Industrial Applicability 

[0067] The present invention can be applied to a com- 
munication terminal apparatus such as a cellular phone 

io etc., used in a mobile communication system and a base 
station apparatus that performs radio communication 
with the communication terminal apparatus. In case of 
such an application, when the channel estimation is per- 
formed using the unknown signal of data portion at the 

is communication terminal apparatus and base station ap- 
paratus, it is possible to prevent accuracy of channel es- 
timation from being deteriorated. 



20 Claims 

1 . A radio receiving apparatus comprising: 

a first estimator that obtains a first channel es- 
25 timation value of a known signal portion of a re- 

ceived signal; 

a second estimator that obtains a second chan- 
nel estimation value of a data portion of the re- 
ceived signal; 

30 a weighting system that weights the second 

channel estimation value accord ing to reliability 
of a temporary decision value of the data por- 
tion; and 

a compensator that compensates for channel 
55 variations of the data portion using a third chan- 

nel estimation value obtained by combining the 
weighted second channel estimation value and 
the first channel estimation value. 

^0 2. The radio receiving apparatus according to claim 1 , 
wherein said weighting system weights the second 
channel estimation value by a value, which be- 
comes larger as likelihood of the temporary deci- 
sion value becomes higher, and weights the second 

45 channel estimation value by a value, which be- 
comes smaller as likelihood of the temporary deci- 
sion value becomes lower. 

3. A radio receiving apparatus comprising: 

50 

a first estimator that obtains a first channel es- 
timation value of a known signal portion of a re- 
ceived signal; 

a second estimator that obtains a second chan- 
55 nel estimation value of a data portion of the re- 

ceived signal; 

a deciding system that decides whether relia- 
bility of a temporary decision value of the data 
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portion is high; 

a selector that selects only the second channel 
estimation value corresponding to the tempo- 
rary decision value with higher reliability; and 
a compensator that compensates for channel 5 
variations of the data portion using a third chan- 
nel estimation value obtained by combining the 
selected second channel estimation value and 
the first channel estimation value. 

10 

The radio receiving apparatus according to claim 3, 
wherein said deciding system decides that reliability 
of the temporary decision value is high when a sig- 
nal point of the temporary decision value belongs 
to a predetermined area on an l-Q plane. ^ 

The radio receiving apparatus according to claim 3, 
further comprising an error correcting system that 
performs an error correction to the data portion of 
the received data, wherein said deciding system de- 20 
cides that the reliability of the temporary decision 
value is high when the temporary decision value 
matches an error-corrected value. 

A communication terminal apparatus having a radio 25 
receiving apparatus, said radio receiving apparatus 
comprising: 

a first estimator that obtains a first channel es- 
timation value of a known signal portion of a re- 30 
ceived signal; 

a second estimator that obtains a second chan- 
nel estimation value of a data portion of the re- 
ceived signal; 

a weighting system that weights the second 35 
channel estimation value according to reliability 
of a temporary decision value of the data por- 
tion; and 

a compensator that compensates for channel 
variations of the data portion using a third chan- *o 
nel estimation value obtained by combining the 
weighted second channel estimation value and 
the f irst channel estimation value. 

A communication terminal apparatus having a radio *s 
receiving apparatus, said radio receiving apparatus 
comprising: 

a first estimator that obtains a first channel es- 
timation value of a known signal portion of a re- 50 
ceived signal; 

a second estimator that obtains a second chan- 
nel estimation value of a data portion of the re- 
ceived signal; 

a deciding system that decides whether relia- 55 
bility of a temporary decision value of the data 
portion is high; 

a selector that selects only the second channel 



estimation value corresponding to the tempo- 
rary decision value with higher reliability: and 
a compensator that compensates for channel 
variations of the data portion using a third chan- 
nel estimation value obtained by combining the 
selected second channel estimation value and 
the first channel estimation value. 

8. A base station apparatus having a radio receiving 
apparatus, said radio receiving apparatus compris- 
ing: 

a first estimator that obtains a first channel es- 
timation value of a known signal portion of a re- 
ceived signal; 

a second estimator that obtains a second chan- 
nel estimation value of a data portion of the re- 
ceived signal; 

a weighting system that weights the second 
channel estimation value according to reliability 
of a temporary decision value of the data por- 
tion; and 

a compensator that compensates for channel 
variations of the data portion using a third chan- 
nel estimation value obtained by combining the 
weighted second channel estimation value and 
the first channel estimation value. 

9. A base station apparatus having a radio receiving 
apparatus, said radio receiving apparatus compris- 
ing: 

a first estimator that obtains a first channel es- 
timation value of a known signal portion of a re- 
ceived signal; 

a second estimator that obtains a second chan- 
nel estimation value of a data portion of the re- 
ceived signal; 

a deciding system that decides whether relia- 
bility of a temporary decision value of the data 
portion is high; 

a selector that selects only the second channel 
estimation value corresponding to the tempo- 
rary decision value with higher reliability; and 
a compensator that compensates for channel 
variations of the data portion using a third chan- 
nel estimation value obtained by combining the 
selected second channel estimation value and 
the first channel estimation value. 

10. A radio receiving method comprising: 

a first estimating step of obtaining a first chan- 
nel estimation value of a known signal portion 
of a received signal; 

a second estimating step of obtaining a second 
channel estimation value of a data portion of 
the received signal; 
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a weighting step of weighting the second chan- 
nel estimation value according to reliability of a 
temporary decision value of the data portion; 
and 

a compensating step of compensating for chan- 5 
nel variations of the data portion using a third 
channel estimation value obtained by combin- 
ing the weighted second channel estimation 
value and the first channel estimation value. 



w 



11. A radio receiving method comprising: 



a first estimating step of obtaining a first chan- 
nel estimation value of a known signal portion 
of a received signal; ts 
a second estimating step of obtaining a second 
channel estimation value of a data portion of 
the received signal; 

a deciding step of deciding whether reliability 

of a temporary decision value of the data por- 20 

tion is high; 

a selecting step of selecting only the second 
channel estimation value corresponding to the 
temporary decision value with higher reliability; 
and 25 
a compensating step of compensati ng for chan- 
nel variations of the data portion using a third 
channel estimation value obtained by combin- 
ing the selected second channel estimation val- 
ue and the first channel estimation value. 30 
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